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ABSTRACT

The Gavins Point Project on the Mssouri River near Yankton, SD,
includes an earth damwth two alternative nmethods for making
rel eases, a hydroelectric power plant and a concrete spillway
structure. The Gavins Point Project provides regul ated rel eases
into approximately 1305 Km (811 mles) of the Mssouri River

bet ween Yankton, South Dakota and St. Louis, Mssouri.

By the early 1970's, it was realized that at |east three tainter
gates nust al ways be available during the winter nonths to make
di scharges if partial or conpl ete powerhouse discharge capability
is lost. There are no flood control tunnels or bypass val ves.

The spillway at the Gavins Point Project has fourteen, 12.19
meters (40 feet) wde by 9.14 neters (30 feet) high, tainter
gates. The spillway was designed for a discharge capacity of
16,537 cns (584,000 cfs). The original design included side seal
heaters and an air bubbler systemto keep the tainter gates free
of ice. Tainter gate freezing probl ens have been encountered
since the original closure of the damin 1955. The capability to
reliably make extended di scharges during extrenely cold weat her
is required to assure an adequate water supply and to mnim ze
downstream i ce probl ens.

Over the years, the Gavins Point Project has tried several

nmodi fications and operating procedures to keep the gates operable
during the wnter nonths. These include nodifications to the

si de seal heaters, adding wall heaters, adding a bubbler system
to the I ower portion of the gates, cycling the gates, and
removing ice with hand held fire hoses.

Thi s paper discusses past, present, and feasible future
alternatives to assure reliable operation of the tainter gates at
the Gavins Point Project.



| NTRODUCTI ON TO GAVI NS PO NT PRQIECT

As part of the 1944 Pi ck-Sl oan Plan, construction of the Gavins
Point Dam (Lewis & O ark Lake) began in 1952 and was conpleted in
1957 at a cost of $51 mllion. Gavins Point, snmallest of the six
dans that conprise the upper Mssouri River Basin main-stem
system plays a key role in the successful operation of the Pick-
Sl oan Plan for devel opnent of the M ssouri River Basin. Peaking
rel eases fromthe upstream Fort Randall powerhouse are snoot hed
by constant Gavins Point rel eases, providing uniformflows on the
open river between Yankton, South Dakota and St. Louis, M ssouri.
The Gavi ns Point Project benefits include power generation, flood
control, water supply, recreation, navigation support, and fish
and wi Il dlife enhancenment. The project is part of the Oraha
District, Mssouri River Region, Northwestern Division of the US
Arny Corps of Engineers. It is |located on the Nebraska/ South
Dakot a border and the Project Manager is M. Mchael R Knoff.

PREVI QUS SCLUTI ONS TO M NIM ZE | CI NG PROBLEMS ON TAI NTER GATES
DESCRI PTI ON OF THE PROBLEM

Past experience indicated that ice formng in the downstream
corners of the tainter gate between the gate and the adjacent
pier wall is the major reason the gates are often not operable
during the wnter nmonths. A colum of ice builds up in the
corner, literally freezing the structural nmenbers on the
downstream si de of the gates to the concrete pier walls (see
Photo A). If the ice colums becone | arge enough, the gate
hoi sts cannot break the ice bond and lift the gates.

The ice colum is the result of two conditions. One, failure of
the side seals to effectively seal near the top of the gate
allows water to | eak past all winter, form ng and gradually

i ncreasing the size of these colums. The J-Type seals rely on
differential pressure (head) to seal. Near the surface of the

| ake there is not sufficient water pressure to cause a tight
seal , conpounded by the fact that cold, winters tenperature
causes the seals to becone hard and | ess flexible.

Two, the pool |evel behind Gavins Point Damis maintained within
three feet of the top of the tainter gates during the fall and
w nter nonths when there is little risk of large inflows. Most
years when the anbient tenperature drops significantly and
consistently below freezing, the |l ake remains relatively calm
until it freezes over. (Occasionally before the | ake freezes
over, low tenperatures are acconpani ed by high w nds causing
waves to splash over the top of the gates, formng ice on the



downstream structural nenbers. Once the |ake freezes over, water
spl ashing over the top of the gates does not occur but, by then
there may already be considerable ice build up. This ice build
up is slowto nelt because the orientation of the spillway is
such that little sunlight gets to it during the wi nter nonths.

O her less significant factors add to the problem The air
bubbl er nozzl es enbedded upstream of each gate to prevent ice
fromformng i medi ately upstream of the top of the gates do not
keep the bottom of the gate fromfreezing. The constant em ssion
of air supplied by conpressors through rows of nozzles inbedded
in the concrete invert cause the relatively warmwater at the
bottomto circulate to the surface preventing ice fromformng at
the water surface. However, the nozzles are not close enough to
the bottom of the curved gates to prevent ice fromformng at the
bottomsill. Also, limted | eakage past the bottom seal and
occasi onal splashing over the top of the gates, can create ice
that bonds the bottom of the gates to the downstream concrete
ogee section. The wall heaters described herein do little to
alleviate ice forned by these two factors.

PREVI QUS ATTEMPTS TO PREVENT OR REMOVE | CE

The spillway structure was originally equi pped with the bubbler
system not ed above to keep ice fromformng at the water surface
i mredi ately upstream of the gates and with side seal heaters to
keep the seals free of ice. These systens are still in place and
are working as intended. The side seal heaters for the subject
three gates were replaced in kind because of their condition and
age.

Over the past 30 years, the project has tried various things to
sol ve the icing problens including the foll ow ng:

1. Three gates were equi pped with higher capacity side seal
heaters in hopes that, not only would they keep the i nbedded seal
pl ates and seals warm sone additional heat would warmthe pier
wal | s where the ice colums form These added little, if any,
benefit and eventual ly experienced electrical failure.

2. New J-seals of a softer conpound were purchased to
replace the original seals that had becone worn and hard. This
reduced the | eakage but did not provide a watertight seal.

3. Wedges were manual ly driven behind the upper portion of
the J-seals, forcing the bulb into the seal plate, resulting in a
better seal. Unfortunately, the wedges were only tenporary and
wer e dangerous to install.



4. To prevent waves from spl ashing over the gates before
the | ake freezes over, an experinental wooden stop |og was
nmount ed near the surface of the |lake in one gate slot. The
object was to break up the waves before they reached the gate.
Thi s experinment was inconclusive because a storm destroyed the
stop log before reaching the critical period just before the | ake
froze over. This effort may be repeated in the future.

5. Additional bubblers were added near the bottom of one
gate to reduce ice build up in that area. It is not known how
effective that neasure was but it is certain that addi ng bubblers
is not the total solution. The hardware itself eventually failed
fromfreezing and was renoved.

6. Anticipating that some gates woul d have to be operated
during the winter of 1996-97, the Gavins Point staff tried
cycling a couple of the gates open and closed. This resulted in
very limted success and, in fact, resulted in one gate being
frozen slightly open for a time. D scharging also rendered the
bubbl er systemineffective, resulting in ice formation upstream
of the gates.

7. Wen it was necessary to open a couple of gates during
the winter of 1996-97, the staff attenpted to renove the ice
colums with fire hoses spraying heated water. Sonme progress was
made but the work was tedi ous and dangerous. Fortunately, the
effort was helped by a break in the weather. In sub-zero
tenperatures, this nmethod woul d not have been effective.

8. Several years ago, Gate No. 5 was provided with wall
heaters of a different construction than is described in this
article but of approximately the same capacity and covering about
the sane area. This hardware eventually failed but not before
giving us a good indication that properly sized and | ocated wall
heat ers hel ped solve the tainter gate icing problem associated
wi th cold weat her operation. This experinment |ead to the design,
purchase, and installation of the wall heaters described in this
article on Gates No. 2, 6, and 8.

O her weather related problens can still be experienced during
actual discharge such as drifting and freezing of water m st, and
ice bridging on the face of the gate fromloss of effectiveness
of the bubbler system These problens will be further analyzed
during future winter operations.

DESI GN OF PRESENT WALL HEATERS FOR TAI NTER GATES

WALL HEATER DESI GN CRI TERI A:



The idea for the present wall heaters canme from REMR Techni ca
Report HY-14 (Attachnent B) which presented research on side wall
heaters for a mter gate recess. The concept consisted of two
rectangul ar al um num pl ates separated by an al um num spacer with
sel f-regul ati ng heat cabl e serpentined between the two pl ates.
One test panel was built and successfully tested at Starved Rock
Lock and Dam

Di scussion with Robert Haehnel of Cold Regi ons Research and

Engi neering Laboratory (CRREL) resulted in a tainter gate side
wal | heater, conceptual design using the sanme ideas used at
Starved Rock Lock and Dam The present design uses custom shaped
al um num panel s and hi gher wattage heating el enents.

Cal cul ations perfornmed by CRREL suggested a design heating
density for the panels of 6.04 watts/sq. neter (65 watts/sq. ft).

WALL HEATER ALUM NUM PANELS:

Sectional al um num panels consisting of 4.76 nm (3/16 inch) inner
and outer panels separated by 12.7 mm (1/2 inch) al um num

rect angul ar spacers were made by a sheet netal fabricator (see
Photo B). The panels were made in three sections and assenbl ed
and inspected in his shop before shipnent to the Gavi ns Poi nt
Project. The panels were laid out on the generator floor for a
final check-fit of the heating elenment. The heating el enents
were procured i ndependent fromthe al um num panel s and required
formng to fit the panels. Each section weighs approxi mately

68. 04 kg (150 pounds).

Since the al um num panel s are fabricated from standard al um num
sheets, they can be conpetitively procured from nunmerous sheet
metal fabrication contractors. They can be custom zed for any
requi red configuration and they are not a proprietary product of
any manufacturer. The design requirenent would be a
specification for the materials and drawi ngs show ng what the
contractor is required to fabricate. 1In this case, the panels
were designed to follow the curvature of the gate with a tapered
| eadi ng edge to help provide a snmooth flow of water past the
panel s when the gates are open. The panels were secured to the
pier walls by drilling and inserting concrete anchors and 9.52 mm
(3/8 inch) stainless steel bolts. Wth the covers renoved, the
panel s were used as tenplates to | ocate the anchors. The panels
are designed to permt installation and renoval of the el enents
t hrough the top without renoving the covers. For the initial
installation, the elenents were placed in the panels before the
renmovabl e covers were installed.



WALL HEATER HEATI NG ELEMENTS:

The heating el enent heating density requirenent was greater than
what coul d be supplied by the self-regulating heat cable used in
the test panel at Starved Rock Lock and Dam M neral insul ated
(M) cable was selected as an alternative heating el enent that
could provide the higher heating density (see Photo C). M cable
is simlar to the heating el enent used in residential ovens.

Thi s product can be ordered in various wattages/linear foot,

| engt hs, sheathing styles, termnations, and is available from
numer ous manufacturers and can be conpetitively procured.

SI DE WALL HEATER TEMPERATURE CONTROL:

Solid state relays (SSR) instead of nmechanical contactors were
selected to control the tenperature of the sidewall heaters. An
SSRis a normally open swtching device with no noving parts.
Applying a control signal to the SSR swtches it "ON' and
provides the AC |oad current to the heaters. The switching takes
pl ace at a zero voltage crossover point in the AC sinewave. The
solid state relay can provide both on/off and proportional
control of the heating | oads by varying the frequency and
duration of the SSR switching. This precise control would
normal ly not be required for side wall heater applications, it
just happens to be a side benefit that results in energy savings.
The inportant features of the SSR for this application are that

t hey are inexpensive, rugged, and mai ntenance free. SSRs are
avai lable in various sizes and the ones used for this work cost
approxi mately $50 per panel. One SSR can control the four
heating elenments in a panel in a parallel arrangenent. A 50-anp
breaker was placed ahead of the SSR to provide protection from
short circuits and overl oads.

The control signal for the SSR is provided by an auto-tuning,
single-1oop tenperature controller wth proportional, integral,
and derivative (PID) control. The controller can adjust the
duration and frequency of the on/off pulses to the SSR  This
capability allows the controller to precisely match the side wall
heater tenperature to the controller set point which is
adjustable. A three-wire resistance tenperature device (RTD)
enbedded in the side wall heater provides the tenperature input
to the controller. The controller can display either the set
poi nt tenperature or the actual side wall heater tenperature.
The controllers used for this work cost approximately $200 per
panel .

The SSR and tenperature controller were placed in a NEVA 4X
encl osure. A cabinet heater was provided to maintain the



encl osure environment within the limts required by the
tenperature controller (noncondensing, 0-65.56 degrees

C) (noncondensi ng, 32-150 degrees F). The tenperature controller
has a NEMA 4X face and is nmounted through the face of the

encl osure for viewng. The enclosure was the nost expensive

el ectrical conponent. Also, in the enclosure is a 20-anp breaker
for the side seal heaters. The 4 kW side seal heater operates
continuously during the wnter and does not have tenperature
control equipnment. All of the heaters are turned off during the
sunmer .



CONTRACT MANAGEMENT AND CONSTRUCTI ON OF PRESENT WALL HEATERS

The contract (DACWMS5-97-P-0505) to fabricate the al um num wal |
heat er panels was awarded to Henpl e Sheet Metal Works Inc. 1255
South 13th St., Omaha, NE 68108, tel ephone (402) 341-4305, for a
total of $51,200. The conpany’s point of contact was M. Dave
Henpl e. The contract requirenents were conpleted in

approxi mately 90 days.

The contract (DACWM5-97-P-0583) to furnish the heating el enents
and controls was awarded to Hotfoil Incorporated, 7 B Marlen
Drive, Robbinsville, NJ 08691, tel ephone (609) 588-0900, for a
total of $33,924.

The wall heaters were assenbled, installed, and tested by the
Gavi ns Poi nt nmai ntenance staff over a period of approxinmately 30
days.

FUTURE SOLUTIONS TO M NIM ZE | CI NG PROBLEMS ON TAI NTER GATES
HOLLOW J- SEAL HEATERS:

The current J-seals are solid rubber and depend upon heat from
the existing side seal heaters to keep the rubber pliable for a
good seal. Since the cold water and ice are in contact with J-
seal, it ends up being the sane tenperature as the water and ice
and becones less pliable. An enhancenent for the side seals
woul d be to install hollow J-seals that would all ow self-

regul ating heat cable to slide into the vertical J-seal and keep
it warmer and nore pliable which would provide a better seal with
the side seal heaters.

STRUCTURAL MEMBER HEATERS:

The existing trunnion arnms on the tainter gates do not have any
heaters attached which would limt ice formng on the gates from
| eakage past the J-seals or water splashing over the top during
fall freeze-up. The concern would nornally be bridging of ice
bet ween the trunnion armand the adjacent concrete wall which
would imt nmovenent of the trunnion arm These heaters woul d
suppl enment the current wall heaters if they are not able to

di sbond the ice so the gate can open.

SKI' N PLATE BUBBLERS W HEATERS:

The existing tainter gate bubbler systemat Gavins Point is



| ocated in the ogee section of the spillway several feet fromthe
face of the tainter gate. The air does a good job of keeping the
ice off the top surface of the gate. 1In the closed position the
bottom of the gate slopes away fromthe ogee section and no
novenent of water occurs near the bottom gate seal and the
spillway. It is not currently known how much ice builds up in
this area and attenpts to determne the quantity is ongoing. A
past attenpt to provide air to this area of the gate failed
because water would get into the air lines on the back side of
the gate and freeze and stop the air flowto the bottom of the
gate. Information presented in REVR Technical Report HY-14
suggests that air bubblers incorporating electric heaters are
nore successful than bubblers alone. Heating elenents and air
bubbl ers with piping wapped with self-regulating heat cable
could be installed on the back side of the gate, close to the
bottom seal. The air would then sweep the face of the tainter
gate and cause warnmer water to circulate into the area and keep
the seal area free of ice.

DEFLECTOR PLATES:

Anot her idea being considered involves the addition of sone

steel plates to the top of the gates designed to defl ect waves
toward the center of the gates away fromthe corners where the
problemice colums form These would only be potentially
effective for the high wi nd/wave action just before the | ake
freezes over condition previously described. Wether or not we
experinment wwth this idea will depend on the effectiveness of the
wal | heaters.

SUMVARY

The primary idea to be retained fromthis paper is the concept of
bui | di ng nonproprietary heating panels fromoff-the-shelf,

readi ly-available materials. The heating panels can be made from
stock al um num sheeting fabricated in any configuration required.
The heating el enent that goes in the panel can be self-regul ating
heating cable or M cable which is readily avail able from many
sources. The controls can be as sinple as a manual on/off

swi tch, opening and cl osing a manual contactor, or as
sophisticated as a renote tenperature sensing el enent nounted on
the heating panel with a controller automatically swtching a
SSR.  The installation can be acconplished by project or
contractor personnel and the various conponents (alum num panel s,
heating el enments, breakers, panels, and controls) could be

gover nnment furni shed or contractor furnished.



Al t hough gate operations and di scharges were nmade during the
first wwnter followng the wall heater installations, 1997/1998,
it was a mld winter and conditions did not provide a conplete,
conprehensive test of this new equipnent. It may take several

wi nters before all of the potential icing conditions are
experienced and we know t hat we have solved our winter gate
operating problens. However, the first winter did show that the
wal | heaters are physically reliable and are effective in
preventing ice formation in the critical area where they are

| ocat ed.

Shoul d you decide to incorporate the ideas and desi gns descri bed
inthis report into sone future work, you may want to contact one
of the authors to get updates on the success of the operation of
the wall heaters.
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PHOTO A
| CE COLUWN FREEZES
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PHOTO B
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